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Analysis of Bremsstrahlung from RO Concentrated Water Storage  
Tank in Fukushima Daiichi Nuclear Power Station
Kentaro Umeda and Teiji Kobayasi
Abstract
In the accident in Fukushima Daiichi nuclear power station of Tokyo Electric Power Co. ?TEPCO? in 
2011, the reactor cores were melted and dropped down to primary containment vessels ?PCVs? and/or to reac-
tor pressure vessels ?RPVs?. To cool the damaged cores, about 400m3/day of water is even now injected to 
PCVs and RPVs. Additionally, about the same amount of ground water inflow to the basement of reactor build-
ing and turbine building. The water is recirculated to remove radioactivity by Cs removal devices and salt by 
Reverse Osmosis ?RO? desalinization equipment. Approximately 400m3 of contaminated surplus water is 
generated every day and has to be stored in storage tanks. The water is contaminated by many kinds of radio-
nuclides. Especially, the level of radioactivity due to 90Sr amounts to 40,000?500,000 Bq/cc. Possibilities of 
radiation exposure and accidental leakage of radioactivity to the environment are increasing.
TEPCO reported that, due to the Bremsstrahlung of origin of 90Sr beta decay in the RO concentrated wa-
ter storage tanks, the radiation dose at the site boundary on the plant area should be approximately 8mSv/
year. The amount is beyond 1mSv/year of the public dose limit.
In this paper we analyze flux strength and energy spectra of electrons and of photons leaked from the RO 
storage tanks by using Monte Carlo simulation of Boltzmann transport equation for the electron energy loss 
process in the tank, and estimate and discuss the Bremsstrahlung radiation dose around the tank and at the site 
boundary. Discussion will be also given on physical situation of radiation leaked from the tank and its dose 
from some radionuclides other than 90Sr.
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??????? 2, 16??? RO????????
????????????????????RO??
???????????????????????
1,000 t????????????? 77.3 t?????
?? 113 m3??? 1,200 t????????????
????????1,000 t????????????
12 m????? 11 m??????????????







134Cs 2.065 y 1.0?101
137Cs 30.17 y 1.0?101
?137mBa? 2.552 m 1.0?101
60Co 5.271 y 1.0?100
54Mn 312.1 d 1.0?100
125Sb 2.759 y 1.0?101
106Ru 373.6 d 1.0?102
?106Rh? 29.80 s 1.0?102
90Sr 28.79 y 1.0?105




? 6.672 m????????????? 1.5 cm????
3.????????
3.1?90Y?????








































ε+dε?????????? る確率 ( )rad ,Eφ ε は，一般に ( ),E dε ε εg  に












































差）の大部分は 0.002 から 0.01 前後である
が，ベータ壊変で放出される電子の平均エ
ネルギーが 0.196MeV の 90Sr については
0.1 である。 
 
表 2  タンク壁表面付近の空間線量率 
核種 線源 表面 1m 
134Cs γ 1.0×10+0 6.3×10-1 
 137mBa γ 3.5×10-1 2.2×10-1 
60Co γ 2.1×10-1 1.3×10-1 
54Mn γ 5.9×10-2 3.7×10-2 
125Sb γ 2.2×10-1 1.4×10-1 
106Rh 
γ 1.1×10+0 7.1×10-1 
β 3.5×10-2 2.2×10-2 
90Sr β 6.2×10-2 4.1×10-2 
90Y β 1.1×10+1 7.2×10+0 














106Ru の娘核種である 106Rh のベータ壊
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が，ベータ壊変で放出される電子の平均エ
ネルギーが 0.196MeV の 90Sr については
0.1 である。 
 
表 2  タンク壁表面付近の空間線量率 
核種 線源 表面 1m 
134Cs γ 1.0×10+0 6.3 -1 
 137mBa γ 3.5×10-1 2.2 10-1 
60Co γ 2.1×10-1 1.3 10-1 
54Mn γ 5.9×10-2 3.7 10-2 
125Sb γ 2.2×10-1 1.4 10-1 
106Rh 
γ 1.1×10+0 7. -1 
β 3.5×10-2 2.2 10-2 
90Sr β 6.2×10-2 4.1 10-2 
90Y β 1.1×10+1 7.2 10+0 
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?? ?? ?? 1 m
134Cs γ 1.0?10+0 6.3?10-1
 137mBa γ 3.5?10-1 2.2?10-1
60Co γ 2.1?10-1 1.3?10-1
54Mn γ 5.9?10-2 3.7?10-2




90Sr β 6.2?10-2 4.1?10-2









??????? 90Y???????? 1.0×105 Bq/cc
????????????????????????
???? 1 m?????????? 0.5 m?1 m??
????????????????????????
???FSD? 0.05?????????? 8.6?7.2 μSv/
h????????
???????????????????????

































???????Surface Source Write ????? ?10???

























?? 1 m ?????????????? 0.14?
0.10 μSv/h????????1???8,760?????









???? 5???????????? 3.0×105 Bq/cc
???????G3???????????????
?????? 2.3 mSv????????












































































?? 90Y?????1 Bq? 90Y ??????????
???? 0.933 MeV??????????????
??????? 100% ??????? ? 0.04%
?0.00036 MeV?????????????????
????????????????????????
?? 5??? 1???0.000018 MeV???????
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